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Abstract

Background—Obese patients display differences in vancomycin drug disposition, which may
complicate attainment of appropriate serum vancomycin concentrations (SVCs). This study was
conducted to determine if obesity leads to trough SVCs above the therapeutic range.

Methods—This retrospective cohort study sought to determine the rate and predictors of high
(i.e. > 20 mg/L) serum trough levels according to level of obesity.

Results—Increasing BMI predicted SVCs > 20 mg/L after controlling for dose, age, and serum
creatinine. Obese patients had significantly higher mean trough SVCs compared to non-obese
patients (16.5 mg/L vs 12.1 mg/L, p=0.004) and a significantly higher proportion of obese patients
had trough SVCs > 20 mg/L (18.9% vs 4.2%, p=0.03).
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Conclusion—Increasing obesity predicted higher probabilities of SVCs > 20 mg/L.
Development of alternative dosing and management strategies for vancomycin may be necessary
to account for pharmacokinetic changes associated with obesity.
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1. Introduction

Obesity has more than doubled worldwide since 1980 and it is estimated that 60% of the
world’s population will be classified as overweight or obese by the year 2030.[1] Given this
trend, it is becoming increasingly important to characterize the effect of obesity on drug
disposition. A growing body of research has indicated that obese individuals have altered
pharmacokinetic parameters, as compared to normal-weight individuals[2—8] Studies of
vancomycin have indicated that obese patients have a larger volume of distribution (VD),
increased clearance and altered protein binding, which results in a reduced free fraction of
vancomycin in the serum.[8] These pharmacokinetic alterations have implications on dosing
and attainment of therapeutic serum vancomycin concentrations (SVCs).

Consensus guidelines recommend using total body weight (TBW) to dose vancomycin,
because data has indicated TBW predicts vancomycin clearance in obese individuals.[9]
However, in simple one-compartment models, drug disposition (i.e. volume of distribution)
can be mistaken as clearance.[10] The proper dosing algorithm for obese patients remains a
controversial topic, despite the consensus among researchers that obesity can alter drug
disposition and complicate the achievement of desired vancomycin concentrations. One
study demonstrated that an adjusted body weight (ABW) was more accurate at predicting
vancomycin clearance in obese individuals and should therefore be used when dosing.[5]
Another study reported utilizing TBW and vancomycin doses of 15-20 mg/kg every 8-12
hours. Here vancomycin trough SVCs exceeded 20 mg/L in approximately 50% of their
obese patient population.[11] As a result of this observation, the authors created a revised
protocol for obese patients utilizing lower maintenance doses of 10 mg/kg every 12 hours or
15 mg/kg every 24 hours. When compared with the original dosing protocol, the revised
protocol resulted in a significantly higher proportion of patients attaining trough SVCs in the
target range of 10-20 mg/L and above-target SVCs were significantly less frequent with the
revised protocol. However, utilizing the revised protocol’s lower dosing also resulted in a
significantly higher rate of below-target SVCs when compared with the original protocol
(23% vs 9%, P=0.033). This observation is clinically concerning given that other recent
studies have indicated that targeting higher trough SVCs of 15-20 mg/L in patients with
complicated, serious infections is associated with significantly higher success rates
compared to less aggressive traditional dosing.[12]

Considering the controversy surrounding dosing strategies necessary to obtain optimal SVCs
in obese patients, we conducted a study investigating the effect of obesity and level of
obesity on trough SVCs. The purpose of this study was to determine if body mass index
(BMI) category or obesity classification was associated with vancomycin SVCs above the
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therapeutic range. Secondary objectives included characterizing clinical and safety outcomes
associated with targeting trough SVCs > 15 mg/L.

2. Patients and methods

This retrospective study was conducted on a cohort of patients treated with intravenous (1V)
vancomycin during routine practice at an institution that utilizes a pharmacist-managed
dosing protocol. This study sought to classify the existence of trough SVCs above the
desired therapeutic range (i.e. > 20 mg/L) according to BMI classification and obesity status.
All patients were initiated with a vancomycin dose of 15 mg/kg TBW with a maximum
initial dose of 2000 mg and subsequent dosing interval based on calculated creatinine
clearance (CLcy).[13] Full details of the dosing protocol can be found in table 1. The dosing
scheme utilized was in accordance with hospital guidelines. At the study institution, loading
doses were not routinely administered. Patients were abstracted from pharmacy reports of all
inpatient orders for vancomycin during the period of July through November 2011. This
study was approved by the appropriate Institutional Review Boards.

Patients were included if they were 18 years of age or older with a BMI of at least 18 kg/m?.
In addition, patients were required to have a documented or clinically suspected infection
with a corresponding goal trough SVC of 15-20 mg/L such as pneumonia, meningitis,
endocarditis, osteomyelitis or bacteremia, consistent with American Society of Health-
System Pharmacists (ASHP) and Infectious Diseases Society of America (IDSA)
recommendations.[9, 14] Patients with sepsis of unknown etiology were also included if at
least two of the systemic inflammatory response criteria were met: body temperature < 36°C
or > 38°C, heart rate > 90 beats per minute, respiration rate > 20 breaths per minute or
PaCO, < 32mmHg, or white blood cell count > 12,000 cells/mL2 of blood, < 4,000
cells/mL3 of blood or > 10% bands, or as suspected by the ordering physician.[15] To
ensure that patients were approaching “steady-state” concentrations, a minimum of four 1V
vancomycin doses were required for patient inclusion. Trough SVC measurement no more
than two hours prior to the fourth or subsequent dose was done as recommended by current
guidelines for therapeutic drug monitoring of vancomycin.[9] Patients were excluded if they
were younger than 18 years of age, had a CL, less than 40 mL/min, received vancomycin
within the 48 hours prior to their hospital admission, were administered less than four doses
of vancomycin, or received vancomycin for treatment of an infection with a goal trough
SVC < 15 mg/L.

Body mass index was calculated and patients were classified as obese (BMI = 30 kg/m?) or
non-obese (BMI < 30 kg/m?).[1] Patients were further characterized into World Health
Organization obesity classes.[16] Comparisons planned a-priori included non-overweight
individuals compared to each categorical group of overweight individuals (i.e. BMI < 24.99
kg/m?2 vs. BMI 25-29.99, 30-34.99, 35 to 39.99, and = 40 kg/m?). Physician report of
comorbid diabetes, hypertension, congestive heart failure, sepsis or ascites was documented.
Albumin was documented if available; hypoalbuminemia was defined as serum albumin < 3
g/dL. The type of documented or suspected infection was also characterized. Each
vancomycin dose and time of administration were recorded, and renal function at each dose
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was calculated with the modified Cockcroft-Gault method* using an adjusted body weight
in patients > 20% over their ideal body weight.[13, 17]

*Modifed Cockcroft-Gault equation:

L (140 — age) x (Ideal or adjusted body weight in kg)

x 0.857 l
72 x Serum creatinine if female

Adjusted body weight = Ideal body weight + 0.4 x (Total body weight — ideal body
weight)

Serum creatinine values < 0.8 mg/dL were rounded to 0.8 mg/dL [18] and acute kidney
injury was defined as a 1.5-fold increase in serum creatinine from baseline (measured on the
first day of vancomycin therapy).[19] Concurrent use of other nephrotoxic medications was
documented if administered any time after the first vancomycin dose was given. Clinical
response was defined as a normal or down-trending white blood cell count (4,000-10,000
cells/ mL3) and absence of fever (temperature < 38°C) for at least 24 hours after the
initiation of vancomycin. Severity of illness was characterized with Acute Physiology And
Chronic Health Evaluation 1l (APACHE I1) [20] and Sequential Organ Failure Assessment
(SOFA) [21] scores. Hospital length-of-stay and in-hospital mortality were also recorded.

Secondarily, we sought to classify the likely percent of steady-state achieved in order to
ensure that trough concentrations were comparable. Since obtaining greater than one serum
concentration after a vancomycin dose is not standard of care at the study institution, volume
of distribution and vancomycin clearance were estimated based on a modification [5] of the
method described by Leonard and Boro [22] using an ABW to estimate vancomycin
clearance and half-life. Approximation of the percent of steady-state* achieved was
calculated.

* Percent of Steady State Achieved:

l_e((70.693)*(c1apsod time from first dose until mesured trough)-+-(estimated half—life))

Bi-variate statistical analyses were conducted using SPSS version 19.0 (SPSS, Inc., 2010,
Chicago, IL). Continuous variables were evaluated using descriptive statistics and analyzed
with the independent-sample Student’s t-test or Mann-Whitney U test when appropriate.
Categorical variables were analyzed with the Pearson chi-square test or Fisher’s exact test
when appropriate. Multivariate statistics were performed using STATA v.13 (Statacorp,
College Station, TX). The multivariate model attempted to predict risk factors for trough
SVCs greater than 20 mg/L. Variables were log transformed as necessary so as to not violate
parametric rules. To find the most parsimonious and explanatory model, relevant
confounders were controlled using a forward stepwise procedure by adding variables with a
plausible relationship to the dependent outcomes. Variables of interest, such as BMI
category and baseline serum creatinine value were forced into the model. Models were
assessed for optimization and compared against the model with one additional variable with
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ultimate inclusion dictated by the lowest Bayesian and Akaike Information Criterion for the
nested models. Statistical significance was defined as a p value < 0.05 for all tests.

A total of 1,543 patients with vancomycin orders were screened for inclusion. The primary
reason for exclusion was receipt of less than 4 doses of 1V vancomycin, leaving 108 eligible
patients included in the analyses. The cohort was primarily male (62%), and 34% of the
population was obese. The mean age of the cohort was 60 years and 76% were African
American. Overall, 65% did not reach a trough SVC of at least 15 mg/L at the time of
assessment, and 9.3% had trough SVCs > 20 mg/L.

The characteristics of non-obese versus obese patients are shown in table 2. Non-obese
patients were more likely to be male (76.1% vs 35.1%, p < 0.001). There were no significant
differences between the two groups with regard to age, race, comorbidities or type of
infection. While all patients were close to their vancomycin steady-state trough
concentration, non-obese patients were nearer this goal (mean of 97.5% (2.6% SD) vs.
94.6% (4.4% SD), p < 0.001). There was a trend toward diabetes being more prevalent in
obese patients (43.2% vs 25.4%, p=0.057). Renal function at baseline and at the time of the
trough SVC was similar between non-obese and obese patients. There were no significant
differences in APACHE Il or SOFA scores.

Despite being further from steady-state concentrations and receiving similar mg/kg based
dosing, obese patients had significantly higher mean trough SVCs compared to non-obese
patients (16.5 mg/L vs 12.1 mg/L, p=0.004) (Figure 1). A significantly higher proportion of
obese patients had trough SVCs > 20 mg/L (18.9% vs 4.2%, p=0.03). This association
remained significant in multivariate models; increasing levels of obesity were associated
with increasing risk of trough SVCs > 20 mg/L relative to non-obese patients (see table 3).
Relative to a BMI of 18-24.99 kg/m?, those with BMIs in the range of 30-34.99 kg/m?, 35—
39.99 kg/m? and > 40 kg/m? were 23.41, 65.89 times and 15.15 times more likely to have
trough SVCs greater than 20 mg/L, respectively. Increasing age and daily vancomycin dose
were also significantly associated with increased risk of trough SVCs > 20 mg/L. Figure 2
depicts the probability of trough SVCs > 20 mg/L in each BMI category while controlling
for daily vancomycin dose, baseline serum creatinine, and age. Estimated pharmacokinetic
parameters for vancomycin in this cohort are presented in table 4. Obese patients on average
had significantly larger estimated VDs and longer half-lives but similar vancomycin
clearance (CLyan). There were no statistically significant differences noted in any of the
secondary clinical or safety outcomes.

4. Discussion

In this cohort, obesity and increasing levels of obesity were associated with more trough
SVCs > 20 mg/L. Importantly, BMI categorization was a predictor of these supra-
therapeutic concentrations. This is consistent with previous studies which indicated that
vancomycin disposition is altered in obese patients[2—8] Similar to our results, Reynolds and
colleagues observed that obese patients were at increased risk of elevated trough SVCs when
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vancomycin is given in the same mg/kg doses and intervals as non-obese patients.[11]
Taken together, these data lend further support to their conclusion that obese patients may
require different dosing strategies to achieve desired SVCs. Likely, a loading dose followed
by reduced mg/kg doses is more appropriate for obese patients.

There were significantly more obese females than obese males. Females tend to have
smaller volumes of distribution than men which could result in higher SVCs [23] and could
partially account for the observation that obese patients on average had significantly higher
troughs than non-obese patients. This is also consistent with other studies of vancomycin
dosing and pharmacokinetics which have observed an association between female sex and
higher SVCs [24]. De Waele and colleagues recently observed that a vancomycin dosing
protocol utilizing continuous infusions was significantly more likely to achieve adequate
early vancomycin levels in female patients (OR 4.22, 95% confidence interval 1.64-10.88).
A similar study found that male sex was an independent predictor of inadequate vancomycin
levels [25].

While this investigation focused on supra-therapeutic vancomycin concentrations for their
role in toxicity, we also observed that a large percentage of patients (65% of the entire
cohort) had trough SVCs < 15 mg/L, below the desired range for serious infections.
Specifically, the following percentages were observed in the respective BMI categories, <
24.99, 25-29.99, 30-34.99, 35-39.99, > 40: 75.0%, 56.5%, 55.0%, 57.1%, 60.0%,
respectively. It is also reasonable to conclude that obese patients require more frequent
dosing until their larger peripheral compartment is filled. Other studies employing
traditional vancomycin dosing strategies in obese patients have observed similar low rates of
target SVC attainment.[7, 11]

There are several limitations to this study that need to be considered when evaluating our
results. First, this was a retrospective study and data are subject to inherent biases. Our study
describes a modest number of patients resulting in wide confidence intervals for standard
World Health Organization categories. However, this work clearly shows a signal that
patients with increasing obesity categorization score are at increased risk of supra-
therapeutic concentrations. Future work will be necessary to narrow the estimate of effect
size. Second, extrapolated clearance and half-lives were the only pharmacokinetic
parameters calculated which were based on a single-compartment model and estimated
based on formulas derived from previous population pharmacokinetic studies. However,
almost all of our patients would be classified as having achieved “clinical steady-state”.
Therefore, analysis of trough concentrations is valid and functioned as our primary endpoint.

In conclusion, in this cohort of patients treated empirically with weight-based dosing
schemes of vancomycin, increasing BMI category and classification of obesity were
associated with trough SVCs above the desired range (> 20 mg/L). Consistent with other
studies, factors such as sex and renal function also appear to contribute significantly to the
probability of attaining therapeutic vancomycin troughs. Development of alternative
vancomycin dosing strategies and individualized therapeutic drug monitoring with dosing
intervention are needed to optimize goal concentrations for obese individuals with serious
infections.
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Figure 1.
Histogram of trough distributions stratified by Obesity
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8

B

4

2

0

20
BMI Category
— 18-2499 — 25-2099
—--— 30-3499 35-39.99
————— =40

*controlled for daily vancomycin dose, baseline serum cresatinine, and age

Figure 2.
Logistic regression model depicting the probability of trough serum vancomycin

concentrations > 20 mg/L in different BMI and age categories
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Table 1

Vancomyecin dosing protocol (Adapted from reference [26])

Initial dose of 15 mg/kg using actual body weight administered at intervals based on estimated creatinine clearance (CL,)

CL¢, (ml/min)? Dosing Interval
101 -120 + Every 8 hours
70 - 100 Every 12 hours
40 - 69 Every 24 hours
30-39 Every 36 hours
20-29 Every 48 hours
<10 Random”

*
Random doses of vancomycin administered based on random serum vancomycin concentrations with doses given when serum concentrations
were < 20 mg/L
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Patient characteristics of obese versus non-obese patients (N = 108)

Table 2

Obese Non-Obese  P-value
(n=37) (n=71)

Age, mean (SD) 59.3(14.0) 59.6 (15.4)  0.27
Male, n (%) 13 (35.1) 54(76.1)  <0.001
Ethnicity, n (%) 0.70

Caucasian 4 (10.8) 6 (8.5)

African American 29 (78.4) 53 (74.6)

Asian 0(0) 3(4.2)

Hispanic 3(8.1) 8 (11.3)

Other 1(2.7) 1(1.4)
Total body weight (kg), mean (SD) 106.2 (20.8) 71.9(13.3) <0.001
Body mass index (kg/m2), mean (SD) 36.7 (6.4) 23931 <0.001
Comorbidities, n (%)

Diabetes 16 (43.2) 18 (25.4) 0.057

Hypertension 24 (64.9) 41 (57.7) 0.47

Heart failure 2 (5.4) 1(1.4) 0.27

Ascites 0 (0) 1(1.4) 1.00
Concurrent nephrotoxins, mean (SD) 1.0(1.1) 1.1(1.1) 0.65
Type of Infection, n (%)

Bloodstream 3(8.1) 7(9.9 1.00

Lungs 15 (40.5) 30 (42.3) 0.86

Cerebrospinal fluid 1(2.7) 4 (5.6) 0.66

Urinary tract 1(2.7) 5(7.0) 0.66

Bone 8(21.6) 12 (16.9) 0.55

Skin 1(2.7) 1(1.4) 1.00

Neutropenic fever 0 (0) 3(4.2) 0.55

Sepsis 21 (56.8) 42 (59.2) 0.63
Renal function, mean (SD)

Baseline serum creatinine (mg/dL) 0.99(0.31) 0.94 (0.21) 0.52

End serum creatinine (mg/dL) 0.94 (0.22)  0.92(0.22) 0.31

Baseline creatinine clearance (mL/min)  86.2 (24.6)  82.0 (25.6) 0.34

End creatinine clearance (mL/min) 89.2 (24.4)  84.3(26.3) 0.35
APACHE I1™ Score, mean (SD) 127(84)  134(75) 039
SOFA™Score, mean (SD) 30(28) 33(19) 0.07

Abbreviations: APACHE Il = Acute Physiology And Chronic Health Evaluation I1; SOFA = Sequential Organ Failure Assessment
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Table 3

Logistic regression model predicting risk factors for trough serum vancomycin concentrations > 20 mg/L
(N=108)

OR 95% ClI P-value

BMI™ (kg/m?) category

<24.99 1.00 - -

25-29.99 10.70  0.74-155.47 0.08

30-34.99 2341  1.99-275.66 0.01

35-39.99 65.89 2.75-1576.26 0.01

>40 1515 0.63-362.45 0.09
Vancomycin dose (mg/kg/day) 1.15 1.01-1.31 0.03
Age (years) 1.13 1.03-1.24 0.01

Baseline serum creatinine (mg/dL)  3.48 0.11-109.54 0.48

BMI = Body Mass Index
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Table 4

Vancomycin dosing and pharmacokinetic characteristics of obese vs non-obese patients (N=108)

Obese Non-Obese  P-value
(n=37) (n=71)
Vancomycin trough (mg/L), mean (SD) 16.5(9.2) 12.1 (5.0 0.004
Vancomycin trough < 15mg/L, n (%) 21 (56.8) 49 (69.0) 0.21
Vancomycin trough > 20 mg/L, n (%) 7 (18.9) 3(4.2) 0.03
Vancomycin dose (mg/kg/day), mean (SD) 23.9(7.3) 26.0 (8.7) 0.18
Estimated vancomycin pharmacokinetic parameters, mean (SD)
CLyan (L/hr) 4.7 (1.3) 4.4 (1.4) 0.34
VD (L) 744 (145) 50.4(9.3) <0.001
Ty (h1) 11.8(3.7) 85(25  <0.001

Estimated half-lives elapsed prior to trough, mean (SD) 5.1 (2.1)
Percent of steady state achieved, mean (SD) 94.6 (4.4)

6.6(2.8)  <0.001
97.5(26) <0.001
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